The survey interview is a method of data collection in which information is transferred to the researchers via a communication process between interviewer and respondent. This process is controlled directly by the interviewers, and indirectly by the researchers who constructed the questionnaire and instructed and supervised the interviewers. The interview can thus be characterized by core concepts of cybernetics: information, communication, and control.
Despite these control activities errors occur. In order to investigate the sources of these errors, we analyzed transcripts of 200 interviews -related to eight questions about income-using a detailed coding scheme. In 30% of all question-answer sequences interviewer and respondent stick to the 'script' designed by the researcher. In these 'paradigmatic' sequences the open loop control by the researcher works well. In 25% of the sequences this control is not sufficient, but additional closed loop control, via 'repair' activities of the interviewers, appears to be successful. In the remaining sequences both the open loop control of the researcher and the closed loop control by the interviewer failed.
Large differences between the eight questions with respect to deviations from the 'paradigmatic' sequence were found; also interviewers differed regarding their competence to practice closed loop control.
A CYBERNETIC APPROACH TO SURVEY INTERVIEWS
Most primary data in the social sciences are collected in surveys. These data mostly consist of responses given by respondents when answering questions from standardized questionnaires (Presser, 1984; Saris et al, forthcoming) . In many cases the questions from the questionnaire are posed by an interviewer who also records the responses. Such a 'survey interview' can be conducted by telephone, or may take place in the house of the respondent.
A survey interview can be described as a method of data collection in which information is collected from the respondent, and transferred to the researcher via a communication process between interviewer and respondent. This communication process is controlled directly by the interviewer and indirectly by the researcher who constructed the questionnaire and selected, instructed and supervised the interviewers ( Van der Zouwen, 2001 ). The interview can thus be characterized by core concepts of cybernetics: information, communication, and control. We will therefore use the cybernetic approach to analyze processes going on in survey interviews.
The survey interview is part of a larger research process that consists of several activities ordered in various steps [1] . Examples are designing the questionnaire, asking questions and responding to them, recording the responses, and transforming them into 'codes', that is, into data that can be further analyzed. This process is summarized in Figure 1 . From this picture it is clear that at least three actors are involved: the researcher, the interviewer and the respondent.
Further, two types of control of the process can be discerned: closed loop control and open loop control, that is, control exercised, respectively, by means of feedback loops or without the use of feedback loops (Milsum, 1972; Rapoport, 1982) . Examples of open loop control are precise formulations of questions and response alternatives by the researcher, often supplemented by (written) instructions to the interviewers about how to present the stimuli to the respondents, and intensive training of interviewers. In spite of all these efforts to develop an efficient open loop control, some closed loop control, especially by interviewers, will be necessary. The combination of open loop and closed loop control as exercised by researcher, interviewer and respondent is depicted in Figure 1 .
The interviewer poses a question (step 2 in Figure 1 ). The respondent, in reaction to that question, will start a cognitive process: he [2] 'observes' (by introspection) in his mind the state variable related with that question and he formulates a sort of internal, preliminary answer (steps 3 and 4). He then evaluates this preliminary answer with respect to the degree to which it covers the content of the question and fits the value on the state variable concerned. If this evaluation is positive, an answer is given to the interviewer. If not, then the respondent undertakes another trial (feedback loop (a), from step 4 to step 3) until the preliminary answer is found adequate (Dijkstra et al. 1995) .
In certain cases, for example when the number of trials exceeds some maximum, or the state variable corresponding to the posed question cannot be identified, the respondent may ask the interviewer to elucidate the question (feedback loop (b), from 4 to 2).
Figure 1. Control processes in the survey interview
Notes: 1. Questions as formulated in the questionnaire, instructions to interviewers given by the researcher. 2. Questions as posed by the interviewer. 3. 'Observation' of the state variables concerned, by the respondent. 4. Internal, preliminary answers of the respondent. 5. Answers given by the respondent. 6. Recorded and coded answers; data as used by the researcher.
The interviewer poses her [2] question (step 2) guided by instructions from the researcher and the formulation on the questionnaire (step 1). The answer obtained is evaluated with respect to the degree to which it corresponds with the content of the question and fulfils other requirements, such as matching one of a number of prescribed response alternatives, or completeness. If this evaluation is positive, the interviewer records the response, say by marking a code on the questionnaire (steps 5 and 6), and the next question can be posed. If not, the question may be repeated or elucidated (feedback loop (c), from step 5 to 2).
From this short description of the control activities of the actors involved, it is clear that there exists a control hierarchy: the respondent controls the cognitive processes aimed at the formulation of an adequate answer. He is thereby guided and stimulated by an interviewer, who in turn is instructed to do so by the researcher. This complex system of 'nested' control activities, however, is only partially active during the course of an interview, owing to the fact that usually the researcher is not present. This means that, unlike the respondent, the interviewer has no opportunity -at least during the interview -to consult the next higher control level, in this case the researcher. And, unlike the interviewer, the researcher usually has no opportunity to directly observe the performance of the next lower control level, namely the interviewer.
Consequently, the researcher can steer the interaction process between interviewer and respondent during the interview only by means of open-loop control: feedback loop (d) (from step 6 to step 1) cannot be used. However, in later phases of the research project the researcher can decide to modify this open loop control (e.g., the questionnaire, the instructions or the training of the interviewers) on the basis of his evaluation of the quality of the data collected earlier. That, in fact, means activating feedback loop (d).
The absence of the researcher during the interview means that part of the control task of the researcher has to be taken over by the interviewer. In case the respondent does not understand the question as formulated by the researcher, it is the interviewer who has to provide an explanation or another formulation, so to speak 'on behalf of' the researcher. This combination of different control tasks and control levels in one person, namely the interviewer, might induce behavior that affects the quality of the data gathered. Ashby (1956 Ashby ( /1964 has proved with his "law of requisite variety" that for effective control of disturbances affecting a process, the controller needs a repertoire of actions that has enough variety to cope with all kinds of possible disturbances. As Aulin (1982: 104) put it: "successful regulation demands a requisite variety of regulatory acts, since only variety in regulation can "destroy" variety in the original disturbance". For the survey interview this means that interviewers need to dispose of a large and varied repertoire of 'repair' actions in order to cope with all kinds of inadequate respondent behavior. This requirement is at odds with the ideal of 'standardized interviewing', where the researcher -by means of exercising strong open loop control -tries to standardize behavior of interviewers as much as possible (Fowler & Mangione, 1990; Houtkoop-Steenstra, 2000) . We will investigate in this paper how interviewers in actual survey interviews try to deal with these contradictory demands.
OPENING UP PART OF THE BLACK BOX
In Figure 1 several activities and control processes in survey interviews have been mentioned. If one wants to empirically investigate these processes, one has to make these processes directly or indirectly observable. In 'classical' methodological research of survey interviews, the methods researcher has only observations concerning step 1 (questions as formulated in the questionnaire and instructions given to the interviewers) and step 6 (the recorded and coded answers of the respondent). The interview itself (as it goes from step 2 through step 5) has remained a black box. Inferences about the processes going on this black box, can only be made by comparing the responses obtained with different stimuli, e.g., different question wordings, different interviewers, and different interview situations (Van der Zouwen, 1982) .
To test these inferences, e.g., about the causes of interviewer effects, one has to observe the interview itself, that is, the steps in between step 1 and 6. Part of these steps -steps 3 and 4 -will nearly always remain unobservable to the methods researcher because they take place within the mind of the respondent, and only if the respondent 'thinks aloud' about his answer part of this process becomes observable, that is, audible. But it is very well possible to observe the interactions that take place between interviewer and respondent (steps 2 and 5). A detailed analysis of this interaction can reveal much about the control processes we want to investigate. In sections 4 and following we will discuss this interaction analysis. But we will first give, in the next section, an illustration of such an interaction in an interview [3] . The short string of actions by interviewer and respondent in interview A proceeds in accordance with the ideas of the designer of the questionnaire. For that reason, this question-answer sequence could be called, using terminology coined by Schaeffer and Maynard (1996: 71) , a 'paradigmatic' sequence ( Van der Zouwen and Dijkstra 2002: 429) . The interviewer poses the question exactly as it appears on the screen of her laptop, the respondent mentions his choice of one of the response alternatives ("remains the same"), and the interviewer types in code (2) corresponding with this response. The interaction proceeds straight forward from step 2 in Figure 1 till step 6, without activating any feedback loop. The open loop control appeared to be sufficient.
ILLUSTRATION OF AN INTERACTION IN AN INTERVIEW
In interview B, interviewer IB poses the question somewhat differently, without changing the meaning of the question. The first response of the respondent, "I hope that it will remain the same", does not fit the question that asks for an expectation, not for an expression of hope. Interviewer IB observes this difference and probes "And what do you expect….?". As a result the respondent gives an answer that comes close to the response alternative 'decrease', and the interviewer types in response code (1). This question-answer sequence is not 'paradigmatic' but 'problematic': a problem showed up, but it has been solved adequately. Or, in cybernetic terminology, the process contains a feedback loop from step 5 in Figure 1 back to step 2. The inadequately answered question is asked again by the interviewer. The second time the process goes well: the closed loop control has worked effectively.
In interview C, the respondent also answers the question with an expression of hope: "I hope that it will increase". However, in contrast with interviewer IB, interviewer IC does not probe any further, but only repeats the answer in an interrogative tone of voice. This leads to an explanation by the respondent of his answer: "everything becomes more expensive", a statement agreed with by the interviewer. Next, the interviewer types in response code (3) for 'increase'. This sequence can be characterized as 'inadequate' because the interpretation problem that occurred has not been repaired adequately by the interviewer. The interviewer had to exercise closed loop control but failed to do so. The combination of a failure of open loop control and non-utilization of closed loop control has led to a final answer of the respondent that is incomparable with the answers of other respondents to the same question These three fragments show that the rather difficult question of the questionnaire ("What do you expect?") is reformulated by respondents RB and RC into an easier-toanswer one: "What do you hope?". They also show that interviewers IB and IC react differently to such a reformulation of the question. And we see a glimpse of the cognitive process (steps 3 and 4) that leads a respondent to an answer. Respondent RC hopes for an increase of income because, as he tells the interviewer, "everything becomes more expensive", pointing at a particular conception of the word 'income', i.e., 'nominal' income, not corrected for inflation.
RECORDING AND CODING THE INTERACTION
The example given in Box 1 shows that the researcher who wants to study what goes on during survey interviews, has to dispense of recordings of these interviews, that is tapes or transcripts thereof. He also needs an observation scheme to classify and code behaviors of the two actors involved, i.e., the interviewer and the respondent. The unit of analysis here is the question-answer sequence, a part of the interview that starts with the reading out by the interviewer of a question from the questionnaire, and ends when the next question from the questionnaire is posed.
Because this paper is focused on errors, and mechanisms of open and closed loop control, only behaviors will be coded that deviate from those prescribed for the 'paradigmatic sequence'. We distinguish five phases within a question-answer sequence. The behavior codes belonging to each phase are described below. Figure 2 gives a more detailed picture of the processes described in steps 2 to 6 of Figure 1 .
Phase 1: Selection and Formulation of the Question
The question-answer process for a particular question starts with the reading out by the interviewer of the question and its response alternatives. The researcher has tried to prescribe the behavior of the interviewer as much as possible. But it is still possible that this open loop control by the researcher of the behavior of the interviewer does not work effectively. Possible deviations from the prescribed behavior start with the decision by the interviewer whether to pose that question to this particular respondent. Not posing the question to a respondent where this actually is required (i.e., a wrong skip, abbreviated as WS) means that a sequence will not start at all (see arrow 1 in Figure 2 ). The omission of that sequence will, at least in principle, lead to a blank in the data matrix. However, in quite a few cases the interviewer assigns a response code to the respondent; this code is in all likelihood based on a guess by the interviewer. Such a coding error (CE) will of course lead to data of questionable quality.
It is also possible that the interviewer poses the question in a way that substantially deviates from the text of the questionnaire. Such a reformulation (RQ) means that the respondent will answer a question different from the one intended, with the possibility that irrelevant and at least incomparable information will be provided. Another deviation here is the omission (OM) of (part of) the response alternatives, or of the explanation provided with the question. A potential effect is that respondents give answers that are different from the ones they would have given if all alternatives and the explanation had been presented. The behaviors characterized by codes WS, OM or RQ can be summarized under the label Deviations concerning the Question Presentation by the Interviewer, DQPI for short).
Phase 2: Cognitive Processing
As soon as the interviewer has presented the text of the question and the response alternatives, a particular cognitive process (Tourangeau & Rasinski, 1988) begins within the respondent, aimed at finding an answer to the question. This cognitive process is not directly observable by others. However, during an interview, parts of this cognitive process may become indirectly observable. This happens if help is sought from the interviewer or a third person present during the interview, or if respondents 'think aloud', indicating how they understand the question or which part of the question causes them trouble. 
Figure 2 The interaction between interviewer and respondent

Phase 3: Evaluating the Answer
As soon as the respondent gives an answer, the interviewer has to evaluate it. For closed-ended questions to be adequate, the response has to be equal to one of the response categories offered. However, an adequate response is not always a correct one. If interviewers are in doubt whether the answer is correct, they may decide to check (CH) the response and pose the question again. Usually, an adequate response, followed by a short reaction by the interviewer, forms the end of the audible part of the question-answer sequence.
If respondents do not give a response equal to the response categories, the answer is evaluated as inadequate. We distinguish four types of inadequate responses to the question: 1. a refusal to give an answer (RF); 2. an answer that is irrelevant to the topic of the question (IA); 3. a don't know response (DK); and 4. a mismatch answer, i.e., a relevant answer, not equal to one of the response categories (MM). These inadequate responses can be grouped under the label Inadequate Initial Answer of the Respondent, IIAR.
Phase 4: Repair
If respondents give an inadequate answer, interviewers are expected to exert some closed loop control. They are instructed by the researcher to try to 'repair' -in collaboration with the respondent -the initial response in such a way that it becomes adequate (see arrow 2 in Figure 2 ). Interviewing skills -for example, the skill to probe in a non-leading manner -play a crucial role in this form of closed loop control. If the response is 'adequately and sufficiently repaired', the sequence is coded AR.
However, the repair activity may be inadequately performed, for example, if interviewers, in reaction to a 'mismatch answer', suggestively present only one of the response alternatives: "So you are satisfied with your income?" Here the remedy may be even worse than the disease. It is also possible for respondents to stick to their initial reaction, for example by refusing to answer the question. In all these cases the sequence is 'inadequately or insufficiently repaired' (code IR). The required closed loop control did not work out.
It may also happen that interviewers, after hearing an inadequate answer, do not attempt any repair activity at all, but use the inadequate answer to make a guess about what respondents' adequate answer would have been, and score it accordingly. A sequence with necessary repair activity missing receives the behavior code 'missing repair' (MR). Such a sequence is an instance of wrongfully missing closed loop control.
Phase 5: Coding the Response
If coding errors occur relatively often with a particular question, this may indicate that the list of response codes for that question is unclear.
The set of response codes appearing on the computer screen is usually larger than the set of response options offered to the respondent; it may contain codes for refusals and don't know responses. These responses need not cause trouble in the coding phase. But if the respondent gives an irrelevant answer or a mismatch answer and this is not repaired, no appropriate response code is available. If the interviewer then types in a response code, this can only occur on the basis of guessing.
AN APPLICATION OF THE CODING SCHEME
With the help of this coding scheme we have coded transcripts of parts of interviews related to eight questions about income. These questions were asked in the "Longitudinal Aging Study Amsterdam" (LASA), a nation-wide, longitudinal study of the antecedents and consequences of changes in autonomy and well-being in the aging population (N=1770, respondents between 55 and 85 years old). See for further details on sample and fieldwork procedures Beekman et al. (1995) .
Every interviewer received a five-day training on interviewing techniques. The training included reading assignments on interviewer techniques; videotape exercises; pilot testing of instruments; and a complete interview with an elderly person. During fieldwork periods additional training sessions were held. The interviewers were mostly female (95%), between 25 and 60 years old and had a medium level of education (10 years). All interviews were audio taped for review by the fieldwork staff in order to give supportive feedback on interviewer behavior.
We selected eight questions about the income of respondents and their partners. Questions about income are often problematic, because respondents either don't have the information or are not willing to answer them (Moore et al. 2000) . The set of eight income questions is presented in Box 2.
The set contains five questions about the income of the respondent and his or her partner (Q1-Q5), two questions about their attitudes (Q6 and Q7)), and one about their expectations for future income (Q8). [If the respondent has no partner] Q4a: Did your income decrease in the last three years?
[If the respondent has a partner] Q4b: Did your income decrease in the last three years? Do NOT count the income of your partner. 0 don't know; 1 no; 2 yes, less than 100 guilders net per month; 3 yes, 100 to 200 guilders net per month; 4 yes, 200 to 300 guilders net per month; 5 yes, 300 to 400 guilders net per month; 6 yes, 400 to 500 guilders net per month; 7 yes, more than 500 guilders net per month.
[ Q8: Do you expect that in the next two years your income will 1 decrease?; 2 remain the same?; 3 increase?
The question formats are also different: two are simple yes/no questions (Q1 and Q2), three are simple 'multiple choice questions' (Q6-Q8), whereas the other three questions have a slightly more complex format. Question Q3 is the only one in which a show card has to be presented by the interviewer.
It is unnecessary, and hardly even feasible, to use the original set of 1770 interviews for our purpose. In order to select interviews for further analysis, we used a random sample of 240 interviews, of which 201 were accompanied by tapes of sufficient sound quality for analysis.
DEVIATIONS FROM THE PARADIGMATIC SEQUENCE
In Table 1 we have presented for each question (columns 2-8), and for all eight questions taken together (column 9), the percentage of sequences with a particular deviation from the paradigmatic sequence. In the last rows we have presented the distribution of the sequences over the three types distinguished earlier, i.e., paradigmatic (PAS), problematic (PRS) and inadequate (INS sequences). It appears that many deviations from the paradigmatic sequence have been occurred, resulting in only 30% paradigmatic sequences. In 25% of the sequences deviations have occurred but the interviewer was able to repair these deviations, resulting in 'problematic' sequences. The remaining 45% of the sequences are classified as 'inadequate', either because the interviewer made a (non-repaired) mistake in the phase of question selection and presentation, or appeared to be unwilling or unable to repair inadequate initial responses of the respondent.
This means that in 30% of the question-answer sequences both the interviewer and the respondent stuck to the script. Here the open loop control by the researcher has worked well. In 25% of the sequences the open loop control was not sufficient, but additional closed loop control exercised by the interviewer appeared to be both necessary and successful. However, in 45% of the sequences both the open loop control of the researcher and the closed loop control by the interviewer failed. Questions leading to many of these inadequate sequences are in need of repair: the wording of the questions and/or the instructions and training of the interviewers have to be improved by the researcher. 
DIFFERENCES BETWEEN THE QUESTIONS
The data of Table 1 indicate that there exist large differences between the questions with respect to the kind of deviations that occurred. To easier analyze these differences, the data of Table 1 are regrouped in Table 2 . First, the behavior codes for each of the first three phases of the question-answer sequence have been combined under respectively the labels DQPI, DCPR and IIAR, mentioned in subsections 4.1 till 4.3. Second, question Q5, a follow-up question with only 33 sequences, has been omitted. And third, questions with similar patterns of deviations and corrections are placed next to each other. Question Q1 ("Do you have an income of your own?") and question Q2 ("Does your partner have an income of his/her own?") are easy to answer 'yes/no' questions. Nevertheless, the percentage of inadequate sequences is very high (58%, respectively 81% INS). The reason for this is that the question proper is followed by an explanation of what the researcher exactly means by 'an income of your own'. Respondents do not know that this explanation will follow the question and start already answering it, before the full text is read out. This leaves the interviewer with the problem to either interrupt the respondent, or to skip the explanation; or at least the last part of it. Thus, as a result of improper open loop control by the researcher, i.e., inadequate question design, the interviewers make many mistakes in the phase of presenting the question. However, the respondents give hardly any inadequate responses, making repair by the interviewers unnecessary, and therewith the percentage of 'problematic' sequences very low (5 respectively 0% PRS). For these two questions, failing open loop control by the researcher cannot be corrected for by closed loop control by the interviewer.
Question Q3 ("Could you indicate, by means of this card, in which category your NET income falls?") is a difficult to answer question; the more so because the income categories mentioned on the show card are rather small, which requires a detailed answer. In 53% of the sequences respondents show difficulties with the cognitive processing of an answer, resulting in many (54%) initial inadequate responses, especially refusals and "don't knows". But then the interviewer does her beneficial work, as she often (31%) manages to repair these inadequate responses. For this question the closed loop control by the interviewer worked well.
Questions Q6 and Q7 are common 'satisfaction questions': "Are you satisfied with your income level, respectively, the standard of living you attain on your income?" However, these yes/no questions appear to have five response alternatives: namely 'dissatisfied'; 'a little dissatisfied'; 'neither satisfied nor dissatisfied'; 'a little satisfied'; and 'satisfied'. The respondent who answers the question with 'no' or 'yes' -as many respondents do -, brings the interviewer in the difficult position that she either has to present in a second 'turn' all, or part of, the response alternatives, or to 'translate' for herself the answer 'no' or 'yes' into (dis)satisfied (missing repair). In question Q3 it was the difficulty of the 'content' of the question that leads to cognitive problems for respondents, requiring giving help by the interviewers. In questions Q6 and Q7 it is bad question design by the researcher that brings both respondents and interviewers into 'interactional' problems, leading to deviations that sometimes are solved and sometimes are not.
Question Q4 ("Did your income decrease in the last three years") is a 'retrospective' question. For those respondents who had no partner, and who did not experience a decrease of their income, question and answer are straightforward, leading to quite a few paradigmatic sequences. However, for those respondents who had a partner, the interviewer was instructed to add to the question the sentence "do NOT count the income of your partner". This sentence was often omitted. And if this sentence was not omitted, it confused the respondent because in the preceding question (Q3) about present net income, the respondent was explicitly told to add the income of his partner. For all respondents who had experienced a decrease of their income, the choice of an appropriate response alternative led to many difficulties. This happened because the respondent had to indicate quite precisely the amount of the decrease of his income, with a 'band width' of only one hundred guilders, that is, less than 50 dollars.
Question Q8 ("Do you expect that in the next two years your income will decrease, remain the same, or increase?") is a 'hypothetical' question. Just like 'retrospective questions', hypothetical questions are hard to answer. In 36% of the sequences respondents show difficulties with the cognitive processing of an initial answer. The response alternatives ('decrease', 'remain the same' or 'increase') are clear and respondents do not give many mismatch responses that would require repair activities of the interviewer. But -as shown in Table 1 -they often provide (in 32% of the sequences) comments to their answers, comments that sometimes indicate that they answered another question than the one that was asked ("What do you hope..?" instead of "What do you expect..?"; like in the example mentioned in section 4). Sometimes interviewers ignore these misinterpretations; they have collected an adequate answer although it does not relate to the question proper. Other interviewers probe further and try to get as yet an answer to the question from the questionnaire.
Here interviewer skills and motivation are crucial with respect to the quality of the data collected.
THE EFFECTIVENESS OF OPEN LOOP CONTROL BY THE RESEARCHER OF THE BEHAVIOR OF THE INTERVIEWER
The quality of the data collected in survey interviews largely depends on the effectiveness of the open loop control mechanisms designed by the researcher.
In the preceding section we have seen that interviewers can decrease the quality of the question-answer sequences by deviating from these instructions, for example by reformulating the questions or omitting response alternatives mentioned in the questionnaire (behaviors coded as DQPI). The first rows of Table 2 and the last column of Table 3 show that there are large differences between the eight questions with respect to the occurrence of these deviations. Only four per cent of the sequences following question Q8 contained these deviations by the interviewer whereas this percentage for question Q7 was 84! Q2  63%  100%  86%  Q3  8%  28%  18%  Q4  26%  44%  36%  Q5  25%  63%  24%  Q6  46%  94%  70%  Q7  47%  98%  79%  Q8  3%  4%  5%  All 8 questions  33%  64%  47%  N  263  312  1358 However, not every interviewer makes the same amount of errors in the first phase of the question-answer sequence. By comparing column (3) and (2) of Table 3 it appears that the four least competent interviewers make about twice as many mistakes (64 versus 33 percent) as the four most competent ones [4] .
The data of Table 3 also indicate that the effectiveness of open loop control by the researcher of the task related behavior of the interviewer depends heavily on the quality of that control. The effectiveness is strongly related on the one hand to the adequacy of the wording of the question and the instructions to the interviewers and on the other hand to the competence of the interviewer to understand and follow these instructions. Improved questionnaire-design as well as improved training and supervision of interviewers may help a lot to avoid these 'unnecessary' errors.
THE EFFECTIVENESS OF OPEN LOOP CONTROL BY THE RESEARCHER OF THE ANSWERING PROCESS OF THE RESPONDENT
In the second phase of the question-answer sequence it is the respondent who has to fulfill his main task, that is, finding and reporting an answer to the question asked by the interviewer. Even if the interviewer has correctly posed the question and presented the response alternatives, the result of this cognitive process can still be an inadequate answer. Of all 714 question-answer sequences that started correctly (no DQPI errors of the interviewer), 194 (i.e., 27 per cent) nevertheless led to an initial answer that is inadequate, that is, a refusal, an irrelevant answer, a don't know answer, or a mismatch answer. This percentage indicates the not so effective character of the open loop control by the researcher, as mediated by the interviewer, of the answering behavior of the respondent.
One can expect that the adequacy of the initial answer depends on the characteristics of the respondent. For this analysis we used as respondent characteristics: Sex, Age, Level of Education, and Degree of Cognitive Functioning (as measured with the MMSE, the Mini Mental State Examination; Folstein et al., 1975) . Bold print indicates that the difference between percentages is significant: p<0.05 Table 4 indicates that the chances of getting an inadequate initial response from the respondent, even if the question is correctly asked by the interviewer, are higher for female respondents, respondents who are 75 years old, people with a low education, and for respondents with impaired cognitive functioning.
The data presented in Table 4 thus show that the effectiveness of the open loop control by the researcher of the answering process of the respondent is not quite strong, and this effectiveness appears to be partly dependent on characteristics of the respondents.
THE EFFECTIVENESS OF CLOSED LOOP CONTROL BY THE INTERVIEWER OF THE BEHAVIOR OF THE RESPONDENT
The limited set of authorized repair activities
In the third phase of the question-answer process the interviewer has to evaluate the initial response given by the respondent. If the interviewer evaluates this answer as 'inadequate' she has to perform some action, aimed at 'transforming' the initial inadequate answer into a final adequate one.
What kind of action will be effective of course depends on the type of initial answer she encounters. A 'don't know answer' to a question about a certain quantity, could be followed by a request of the interviewer to give at least an estimation of that quantity. Or she might ask the respondent to give the question another try. An irrelevant answer could be followed by repeating (in some way) the question of the questionnaire. Her repertoire for converting a refusal to answer a particular question, is very restricted in view of the importance of maintaining a good working relationship with the respondent during the rest of the interview.
As indicated in Table 1 , the most common form of an inadequate answer is a mismatch answer, that is, a relevant answer not equal to one of the response categories. In this situation interviewers use different strategies for obtaining a final answer that can be entered into the computer: (a) Repeating: again presenting the set of response categories or at least a proper subset thereof, or (b) Hinting: selecting the response category (X) that best fits with the initial answer and asking the respondent something like "You mean X?"; or (c) Choosing the response category that seems to fit best, and entering that in the computer, without asking the respondent. Hinting and Choosing quickly lead to 'score-able' answers, but they are (implicitly) 'forbidden' by the researcher because they lead to interviewer effects and thus have a negative effect on data quality (Dijkstra & Van der Zouwen, 1988) . We have therefor coded 'hinting' as a form of inadequate repair (IR) and 'choosing' as a form of missing repair (MR). Only the first mentioned reaction (repeating) is viewed here as a form of adequate repair (AR) of a mismatch answer.
This overview of repair activities indicates that interviewers in standardized interviews do not have much freedom to react to inadequate initial answers, or 'errors' made by respondent. In section 1 we 'deduced' from Ashby's "Law of Requisite Variety" the statement that interviewers need to dispose of a large and varied repertoire of 'repair' actions in order to cope with all kinds of inadequate respondent behavior. In view of the constraints on interviewer behavior and the freedom respondents take when answering the questions, we do not expect that the closed loop control by the interviewers will be very effective.
To empirically investigate the effectiveness of the closed loop control by the interviewers, we focus the analysis on sequences following questions where repair work had to be performed often. As appeared in Table 2 , relatively many (i.e., 33 respectively 32) initial answers following the quite difficult income questions Q3 and Q8 were "Don't know answers" The 'satisfaction' questions Q6 and Q7 led to many mismatch answers (116 respectively 129). Table 5 shows how the interviewers reacted to these inadequate answers. The proportion of missing repairs (MR) seems to indicate that mismatch answers (to Q6 and Q7) are harder to detect by the interviewer than don't know answers (to Q3 and Q8) and therefor lead to fewer repair activities by the interviewers. However, if the interviewer does some repair, she is more successful when mismatch answers are concerned. This implies that the quality of the responses can be improved by training the interviewers to better detect mismatch answers and to initiate repair activities.
Differences between interviewers
In section 8 it was shown that interviewers differ considerably with respect to their competence to follow the instructions given by the researcher. We expect that interviewers also differ with regard to their competence to perform adequate repair activities.
To test this expectation we further analyzed the repair activities concerning the two 'satisfaction questions' (Q6 and Q7) that were initially answered with many mismatch answers. Table 6 gives for these two questions the outcome of the repair by the four least competent interviewers and by the four most competent interviewers (as measured by the percentage of adequately repaired sequences they were involved with) [4] .
We see that there are indeed large differences between the interviewers with respect to their competence to adequately perform repair activities. However, even the four most competent interviewers -in 10 or 6 percent of the cases -did not perform any repair activity when it was required. So here too there is room for improvement.
In section 8 we found large differences in competence between interviewers with respect to the presentation of the question. In the present section we found differences with respect to the quality of repair activities. Further analysis showed that these competencies are related. Interviewers who competently presented the questions were also significantly (p<.001) more competent in repairing inadequate response behavior of respondents. 
THE COUPLING BETWEEN CONTROL ACTIVITIES
The data presented in subsection 10.2 illustrate how the control activities of the different actors in survey interviews are linked together. Questions Q6 and Q7 are badly designed by the researcher because the expression "Are you satisfied with X?", is justly seen by respondents as a yes/no-question. They often answer with 'yes' (or sometimes 'no') before the interviewer even has the chance to mention the five response categories following this question. This flaw in the open loop control by the researcher of the behavior of interviewers and respondents has to be corrected by closed loop control by the interviewers. But the interviewers have only very limited means to repair the situation: hinting and choosing are forbidden, and presenting the set of response alternatives after the respondent has given an -in his view correctresponse does endanger the necessary 'rapport' between interviewer and respondent.
The most effective way to get immediately an adequate response would be to reformulate the question from "Are you satisfied with X?" into "In how far are you satisfied with X; is that dissatisfied, a little dissatisfied …?". But the researcher has strictly forbidden the interviewers to alter the wording of the questions, because otherwise the comparability of the responses of different respondents is endangered.
To summarize, in formulating questions Q6 and Q7 the researcher has made a design error, leading to inadequate responses that have to be repaired by the interviewers who lack the means to execute these repair activities. The end result is that most of the initial 'yes' answers are transformed into the highest score (5) leading to an overoptimistic picture of the satisfaction of the respondents with their income, and thus to biased data.
The situation with regard to the income questions Q3 and Q8 is different. Here we do not have design errors of the researcher but here the respondent is confronted with difficult to answer questions (what is the net income, and will it decrease or increase in the next two years?) and often honestly reacts with "I don't know". Because this answer is viewed by the researcher as inadequate, it has to be repaired by the interviewer. And as we have seen in Table 5 , this repair is in about half of the cases successful.
SUMMARY AND DISCUSSION
By using a cybernetic approach we have analyzed the structure and effectiveness of the control of the information and communication processes within survey interviews.
Despite the open loop control by the researchers and the closed loop control by respondents and interviewers, many unwanted deviations and errors occur. In only 30% of all question-answer sequences the interviewer and the respondent stick to the 'script' designed by the researcher. In these 'paradigmatic' sequences the open loop control by the researcher works well. In 25% of the sequences this control is not sufficient, but additional closed loop control, via 'repair' activities of the interviewers, appears to be successful. In the remaining 45% of the sequences both the open loop control of the researcher and the closed loop control by the interviewer failed.
Large differences between the eight questions with respect to deviations from the 'paradigmatic' sequence were found. Two difficult to answer questions about current and future income received many don't know answers, and thus required additional repair activities of the interviewers. Two badly designed questions about the satisfaction with the current income level also required a lot of repair activity by the interviewers. Unfortunately, this repair work was often not, or not adequately, performed, thus leading to potential bias. And two other badly designed questions, about the source of income, led to many errors by the interviewers when presenting the questions.
Interviewers considerably differed with regard to their competence. Good interviewers make only few mistakes when asking questions, and they often adequately repair inadequate answers initially given by the respondents, thus leading to a low frequency of inadequate sequences. But even the best interviewers cannot mask wording defects, if these defects lead respondents to give inadequate answers, therewith reducing the proportion of paradigmatic sequences. Competent closed loop control by the interviewers cannot fully compensate for failing open loop control by the researcher.
Respondents differ with respect to the adequacy of their answering behavior; one respondent gives much more inadequate answers than the other. Some of these differences between respondents are related to background characteristics like sex, age, level of education and cognitive functioning. Generally speaking: the initial answers of female respondents, older respondents, less educated respondents and respondents with impaired cognitive functioning require more repair activities of the interviewer and come up with more problematic sequences than the other respondents.
The cybernetic approach here gave us a better understanding of the different control processes and the links between these processes. Flaws in questionnaire design and instructions to interviewers became visible that would otherwise have remained unnoticed.
Over the last decades we have witnessed developments to change the control structure of the interview. On the one hand we see attempts to strengthen the control of the researchers over the behavior of the interviewers. Surveys are more and more conducted using large centralized telephone facilities were researchers and their fieldwork managers can listen in to the ongoing telephone interviews and thus better monitor 'their' interviewers. Such on-line monitoring of the interviewers can be viewed as adding an additional feedback loop in Figure 1 from step 2 back to step 1.
Moreover, the administration of questionnaires, in both face-to-face and telephone interviews becomes more and more computer-assisted. This means that the researcher in so-called CAPI and CATI interviews can easily build in skip rules and controls for the plausibility of response patterns, thus avoiding common mistakes made by interviewers when deciding to skip questions or coding respondent's answers. This computer assistance in fact means a strengthening of the open loop control from step 1 to step 2 in Figure 1 .
Finally, computer assisted telephone surveys give the researcher the opportunity to see very quickly what questions cause difficulties for interviewers or respondents and to adjust the questions or the response categories accordingly. This in fact means that the feedback loop from step 6 back to step 1, depicted with a dotted line in Figure 1 , becomes activated within a particular survey.
On the other hand, there is a plea for 'conversational' interviewing (Schober & Conrad, 2002) attempting to give the interviewers more freedom to formulate the questions and 'tailor' them to the situation the respondent is in and the information already provided in the preceding part of the interview. This plea for more autonomy of the interviewer and a more collaborative relationship between interviewer and respondent means a decrease of the strictness of the open loop control by the researcher.
